Purpose Survival in older adults with cancer varies given differences in functional status, comorbidities, and nutrition. Prediction of factors associated with mortality, especially in hospitalized patients, allows physicians to better inform their patients about prognosis during treatment decisions. Our objective was to analyze factors associated with survival in older adults with cancer following hospitalization. Methods Through a retrospective cohort study, we reviewed 803 patients who were admitted to Barnes-Jewish Hospital's Oncology Acute Care of Elders (OACE) unit from 2000 to 2008. Data collected included geriatric assessments from OACE screening questionnaires as well as demographic and medical history data from chart review. The primary end point was time from index admission to death. The Cox proportional hazard modeling was performed. Results The median age was 72.5 years old. Geriatric syndromes and functional impairment were common. Half of the patients (50.4 %) were dependent in one or more activities of daily living (ADLs), and 74 % were dependent in at least one instrumental activity of daily living (IADLs). On multivariate analysis, the following factors were significantly associated with worse overall survival: male gender; a total score <20 on Lawton's IADL assessment; reason for admission being cardiac, pulmonary, neurologic, inadequate pain control, or failure to thrive; cancer type being thoracic, hepatobiliary, or genitourinary; readmission within 30 days; receiving cancer treatment with palliative rather than curative intent; cognitive impairment; and discharge with hospice services. Conclusions In older adults with cancer, certain geriatric parameters are associated with shorter survival after hospitalization. Assessment of functional status, necessity for readmission, and cognitive impairment may provide prognostic information so that oncologists and their patients make more informed, individualized decisions.
Introduction
As life expectancy increases, the number of older adults with cancer continues to rise [1] . While approximately 60 % of cancer diagnoses occur in patients older than 65 years [2] , older adults are underrepresented in clinical trials, making evidence-based management challenging [3, 4] . Although age is sometimes a factor in treatment options and overall outcomes [5] , this population tends to be quite heterogeneous; prognosis in older adults with cancer is variable given differences in functional status, comorbidities, nutrition, and other individual factors.
Given this immense variability, physicians experience difficulty in predicting which patients are at risk for shorter survival. The use of continued intensive treatment at end of life and low rates of hospice enrollment may reflect, in part, this challenge in determining an individual older patient's prognosis. Several studies have established the substantial number of patients receiving chemotherapy near end of life [6, 7] . One study demonstrated that 15.7 % of patients were still receiving chemotherapy within 2 weeks of death. Although palliative chemotherapy is sometimes given for symptomatic improvement, a recent study established that patients with good performance status who received chemotherapy at end of life had poorer quality of life than those who did not [8] . Despite the known advantages in palliative care and hospice on quality of life, enrollment is low and occurs close to death [9] . The median length of stay after hospice enrollment is about 18 days with 15 % having a length of stay fewer than 3 days [10] .
Baseline geriatric assessment, evaluations of comorbidities and medication use, and nutritional status have all been proposed to help clinicians predict morbidity and mortality in older cancer patients. The International Society of Geriatric Oncology recommends a comprehensive geriatric assessment in treating older cancer patients in order to possibly improve survival [11] . However, research on which assessments are most useful in predicting outcomes is limited. In a recent review regarding comprehensive geriatric assessment in cancer patients [12] , the relationship between CGA and mortality was evaluated in nine studies [5, [13] [14] [15] [16] [17] [18] [19] [20] [21] . Although these provide important preliminary data, most of this data is established in outpatient settings [22] .
Because a hospitalization may represent a sentinel event in the life of older adults with cancer and geriatric assessment is predictive of adverse outcomes, our goal in this study was to identify factors associated with shorter survival following hospitalization to allow clinicians, patients, and their families to make more informed decisions.
Methods
The study was approved by the Washington University Human Research Protection Office. We retrospectively reviewed all patients admitted to the Barnes-Jewish Hospital's Oncology Acute Care for Elders (OACE) unit from 2000 to 2008 who underwent geriatric assessment. The OACE unit was a designated nursing division in BarnesJewish Hospital, affiliated with Washington University School of Medicine. Older patients with cancer requiring admission were preferentially admitted to the OACE unit. Full details of the OACE unit have been detailed previously [23] . Briefly, the care of older adults admitted to the OACE unit was primarily managed by hematologist/oncologists, but was supplemented by participation of an interdisciplinary team, consisting of a geriatrician, a gerontological nurse specialist, a registered dietician, physical and occupational therapists, a social worker, and home health and hospice representatives.
Patients underwent geriatric screens [23] and were discussed in daily multidisciplinary rounds; recommendations communicated to the primary physician. We included patients who had active cancer or who had received treatment for cancer in the last 1 year prior to admission. In patients who were admitted more than one time during the study period, only the initial hospitalization was analyzed. Patients who died during hospitalization were excluded.
Details about the geriatric assessments are presented in [23] . Briefly, geriatric assessment data was obtained from OACE screening questionnaires that were routinely conducted on patients admitted to this unit. The surveys, performed within 72 h of admission, included the Katz Index of Activities of Daily Living Scale [24] , the Lawton Instrumental Activities of Daily Living Scale [25] , the Clock Completion Test [26] , and the Short Blessed Test [27] . Based on previously established data, patients with a score of 4 or greater on the Clock Completion Test or 9 or greater on the Short Blessed Test were considered to have cognitive impairment.
Chart review was conducted to obtain demographic and medical data including the following: race; cancer type; albumin; treatment intent (curative or palliative); reason for admission; number of medications on admission and discharge; presence of skin breakdown or wounds on admission; number of falls; formal inpatient physical therapy or occupational therapy consultation; requirement for restraints or sitter; and diagnosis of dementia. Review of admission and progress notes, pathology reports, and radiographic data was performed by the study team and supervised by a board-certified medical oncologist. The Adult Comorbidity Evaluation-27 was used to evaluate information about medical comorbidities and was obtained from the Barnes-Jewish Hospital Cancer Registry [28] . The reason for admission (RFA) was determined by review of patient's chief complaint and admitting physician's assessment and plan. The admitting diagnosis was then grouped into broader categories either by disease system or similar reasons.
Data analysis
Descriptive statistics (mean, standard deviation, frequencies, and percentage) were used to analyze baseline characteristics. The primary end point was overall survival, defined as the time from index admission to death, censored at the last follow-up. The Cox proportional-hazards model was used to evaluate the relationships between baseline characteristics and overall survival. Variables in Table 1 were selected a priori and examined by univariate analysis. For some categorical variables with multiple levels (i.e., cancer type and reasons for admission), the individual categories were examined for their association with survival, then levels with similar hazard ratios were grouped to simplify interpretation. Variables with a probability value of less than 0.20 were included in multivariate analysis. Some variables were excluded from the multivariate model due to excessive missing data. Overall, Cindex and 95 % CI were calculated as a measure of discrimination of model validation. All statistical tests were two-sided using a level of significance of 0.05. SAS version 9.3 (SAS institute, Cary, NC) was used to perform all statistical analysis.
Results

Patient characteristics
A total of 803 patients were evaluated in the study after patients who died during hospitalization were excluded. Baseline characteristics are listed in Table 1 . The median age of patients was 72.5 years old with an almost even distribution of males and females. Most patients were White (77.0 %), admitted from home (91.0 %), and discharged back to home (82.1 %).
Geriatric syndromes were common. The median number of medications on admission was 6. Functional impairments were common: 50.4 % of patients required assistance with activities of daily living (ADLs) and 74.0 % required assistance with instrumental activities of daily living (IADLs) at the time of hospitalization. Fewer than one-in-five (18.5 %) had no comorbidities, while 47 % had mild comorbidities, 23.5 % had moderate comorbidities, and 10.6 % had severe comorbidities. Cognitive impairment was present in 43 % of patients.
Survival analysis
The median overall survival was 4.9 months. The proportions of patients alive at 6 months and 1 year were 45.5 and 32.7 %, respectively. Univariate analysis was initially performed on all factors that were potentially associated with survival ( Table 2 ). The following variables were significantly associated with shorter survival: male gender; albumin <3.5 mg/dl; taking more than seven medications on admission; any ADL dependence (Katz scale <17); any IADL dependence (Lawton scale <20) (Fig. 1) ; disposition to hospice; having skin breakdown on admission; requiring a one-to-one sitter during hospitalization; requiring readmission within 30 days; diagnosis of cognitive impairment (Fig. 1) ; and palliative rather than curative intent cancer treatment. Higher BMI showed a marginally significant association with longer survival. Reason for admission, cancer type, and stage IV cancer were associated with overall survival but comorbidities were not.
A multivariate analysis was then established to determine which variables remained as independent prognostic factors for overall survival (Table 2) . Male sex was associated with greater mortality relative to female sex. Thoracic, hepatobiliary, genitourinary, and other cancers were associated with significantly greater mortality relative to gastrointestinal, breast, and hematologic malignancies.
Certain reasons for admission including cardiac, pulmonary, and neurologic causes, pain control, and failure to thrive were significantly associated with shorter survival compared with those for gastrointestinal diagnoses, abnormal labs, bleeding, or infection. A total score of <20 on Lawton's assessment, readmission within 30 days, palliative intent treatment, cognitive impairment, and discharge with hospice services were significantly associated with worse overall survival. The overall cindex for the final multivariate model is 0.66 (95 % CI 0.58-0.72).
Discussion
Older adults with cancer represent a unique population as their ability to tolerate treatment and their overall prognosis are heterogeneous. Previous studies have demonstrated functional status, cognitive impairment, and presence of comorbidities or depression to be predictive of mortality in the general geriatric population [29, 30] . However, studies regarding older adults with cancer are not as well-established. A hospitalization may be a sentinel event in the life of an older adult with cancer, triggering appraisal or reappraisal of an individual's goals of care. In this retrospective cohort study, we identified demographic, clinical, and geriatric assessment factors that are associated with mortality in older patients with cancer. Dependence in ADLs and IADLs were significantly associated with death in older cancer patients following hospitalization. Maione et al. established a similar finding showing that functional status by IADL scores was predictive of survival in advanced non-small cell lung cancer patients receiving chemotherapy [20] .
In contrast, a previous prospective study found that dependence in ADLs and IADLs was not associated with early death in outpatients undergoing first-line chemotherapy [13] . Our study suggests that dependence in ADLs and IADLs in hospitalized older adults with cancer is associated with poorer prognosis.
Hospital readmission within 30 days was related to increased mortality in our study. Readmission related to cancer is common and occurs for new diagnoses, symptoms from cancer progression, and complications of procedures [31, 32] . We recently identified dependence on IADLs, use of potentially inappropriate medications, and higher risk reasons for index admission to be associated with readmission [33] . Readmission to the hospital provides an opportunity for clinicians to reevaluate prognosis and goals of care.
Cognitive decline has been shown to decrease the probability that a patient will complete chemotherapy [34] . Our findings showed that cognitive impairment, as defined as an abnormal Short Blessed test or Clock Drawing test, or by the diagnosis of dementia, was also associated with increased mortality. Given that these assessments only take a few minutes and are easy to administer, completion of these tests during hospitalization may help clinicians better evaluate prognosis. In this study, we are unable to further explore whether abnormal cognitive screening tests are related to underlying cognitive impairment or delirium. A higher comorbidity index score was not associated with increased mortality in our study. This finding conflicts with some previous studies that have found a significant difference [35] [36] [37] . Given the very short overall survival (median 4.9 months), the effect of comorbidity may have been masked by overall poor prognosis of individuals in the cohort. In fact, Read et al. demonstrated that comorbidity was more prognostic in less aggressive cancers that have better overall survival [35] . The assessments used to determine comorbidity in previous studies differed from those used in the current study, which may also influence the differences.
The fact that discharge with hospice services was associated with earlier death is not surprising, indicating that clinicians, patients, and their families identified the patient's incipient decline. However, that a number of other variables remained predictive after controlling for discharge with hospice services indicates that a significant number of patients who were not discharged with hospice remained at risk of earlier death. This highlights the need to improve our ability to predict which individuals are at greatest risk of death to encourage the initiation of important end-of-life conversations with them.
This study has several limitations. Patients were included with differing cancer diagnoses and stages of disease, which have a major impact on prognosis and survival. However, this inclusion allows physicians to determine other general risk factors for death in addition to known prognosis of different cancer types and makes our findings more generalizable. Retrospective data collection has limitations. For example, certain geriatric assessment factors including assessment of independence in ADLs and IADLs were evaluated by the subjective report of patients and family members. Some clinical data points, including medication use, are limited by collection from the medical record, which may not accurately reflect what a patient is actually prescribed or taking. Furthermore, other factors potentially affecting prognosis including differences in treatment, patient preferences on treatment and disposition, and social support were not accounted for in the available data. Given our study population included hospitalized patients, their acute illness may have affected scores for cognitive tests such as the Short Blessed Test and Clock Drawing Test. Missing data restricted multivariate analysis of certain factors that were significant in the univariate model, such as skin breakdown and albumin; these factors may warrant examination in future studies.
Geriatric assessment is increasingly being recognized as an important tool in the care of older adults with cancer. Several studies have created scales and tools to assess risk of chemotherapy toxicity incorporating geriatric assessment [38, 39] . Tools to predict mortality, particularly early mortality, need validation and refinement [40] . Integrating geriatric assessment into their evaluation may help oncologists offer more individualized estimates of prognosis for older adults following a hospitalization. Improved tools to predict mortality may encourage earlier discussions about goals of care, earlier evaluation for hospice, and possibly better quality of life for our older cancer patients. Following prospective validation of this model, future intervention studies are needed to evaluate whether prognostic information impacts shared decisionmaking and quality of life in older adults with cancer who are at risk for shorter survival following a hospitalization.
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